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¢ Higher basic impulse levels 
¢ Hot spots minimized 
ete ¢ Lower current densities at the contact points 
¢ Low pack temperatures 
¢ Higher inrush current safety factor. 
Specify extended foil construction to 
CAPAC () 1S obtain all these benefits! 
For details call, write or wire... 


ALLIS-CHALMERS 


EXTENDED FOIL CAPACITORS 








a ae 








1.1 


No 


Cc 














ELECTRICAL REVIEW 


1. INDUSTRY (check one best describing your field) 


1____ Cement & rock products 
2 —— Chemical 

3 __ Consulting 

4 ___ Contracting 

5 __ Education 

6 __ Finance 

7 _— General 

8 ___ Government 

9 __ Heavy manufacturing 
10 __ Light manufacturing 


11 __ Metals 

12 ___ Mining (metallic) 

13 ___ Mining (non-metallic) 
14 ___ Paper 

15 _ Petroleum 

16 ___ Processing 

17 _ Textile 

18 ___ Transportation (surface) 
19 ___ Transportation (air) 

20 __ Transportation (marine) 
21 __ Utility 


2. JOB INTEREST (check one that best describes 


your job function) 


1 __ Application 
2 _— Design 

3 __ Education 
4 ___ Finance 

5 _ Librarian 

6 _ Management 


(non-engineering) 


7 __ Management 
(engineering) 

8 __ Mathematics 

9 __ Maintenance Engrg. 


10 __ Operating Engrg. 
11 __ Purchasing 

12 ___ Research 

13 __ Sales 


3. EQUIPMENT INTEREST (check all items of interest) 


1 __ Circuit Breakers 

2 __ Computer 

3 __ Control 

4__ Electronics 

5 _— Generators (engine) 
6 ___ Generators (hydro) 
7 __ Generators (turbine) 


8 ____ Motors, large 
9 __ Motors, small 
10 __ Nuclear Power 


11 __ Processing equipment 
12 Pumps & Compressors 
13 _ Rectifiers 
14 __ Switchgear 


15 _ Systems, control 

16 __ Systems, power 

17 __ Transformers (all types) 
18 ____ Turbines, hydraulic 

19 ___ Turbines, steam 

20 __ Valves 


4. ARTICLE TYPE PREFERENCE (1st choice —check one) 


1 __ Application (methods) 
2 _— Application (selection) 
3 __ Historical 

4 ____ Hew to 


5 __ Math (application) 


6 ___ Math (design) 

7 _— New product design 
8 ___ Patent background 
9 ____ System studies 





READER SURVEY 


6. 


10. 


1 


a 


. Do you also consider the advertisements in Elec- 

















Do Electrical Review articles aid you in making 
decisions to procure or recommend equipment or 
systems? (check one) 

3 ____ Occasionally 
4 ___No help 


1 _— To a great degree 
2 __ Generally useful 


trical Review in making decisions to procure or 
recommend equipment or systems ? (check one) 


3 __ Occasionally 
4 ___No help 


1 __ To a great extent 
2 —_— Generally useful 


. As an engineering periodical, what kind of job does 


Electrical Review do to help keep you posted on 
product or systems developments and engineering 
advances? (check one) 


3 __ Good 
4____Fair 


1 __ Superior 5 —— Poor 


2 _— Excellent 


. What editorial approach would be of greater value 


to you? (check one) 


1 __ Less technical (more like general trade magazines) 


2 —_— More technical (concentrating on advances in engi- 
neering art; more like society publications) 


3 ___No change (method of presentation and balance of 
article types ok now) 


If a charge for this magazine were made, would you 
consider continuing a subscription to it ? 


4 ns OD } 


. REPRINTS (check one) 


Would you purchase quantities of reprints of articles 
helpful as training aids, educational tools or refer- 
ence material if made available ? 

1 __ Often 

2 _— Occasionally 


3 ___ Seldom 
4 ___ Never 


- CIRCULATION (check one) 


| route my copy of Electrical Review to: 


0, a faa oer Vos 




















5. ARTICLE TYPE PREFERENCE (2nd choice—check one) 13. REFERENCE FILES 

1 __ Application (methods) 6 ___ Math (design) Do you keep a file of Electrical Reviews ? 
2 _— Application (selection) 7 _ New product design 
3 ___ Historical 8 __ Patent background esc enact 3 —_None 
4 ___ How to 9 ____ System studies 
5 _ Math (application) 

Please send a free copy of your new Motor Application Reference to: 

Name (print) 

Company 

Street City Zone State 








(offer expires May 1, 1961) 



















MOTOR APPLICATION 
REFERENCE BOOK, CONTAINING 
16 MOST POPULAR 

MOTOR APPLICATION 

ARTICLES SELECTED FROM 

THE ALLIS-CHALMERS 
ELECTRICAL REVIEW, 

WILL BE SENT TO THOSE 
COMPLETING THIS SURVEY 





1605 
Milwaukee, Wis. 


FIRST CLASS 


Permit No. 














W isconsin 


No Postage Stamp Necessary if Mailed in the United States 
Box 512 
Milwaukee 


BUSINESS REPLY ENVELOPE 
Allis-Chalmers Manufacturing Company 











= lectical REVIEW 


COMPLETE THIS SURVEY 








and help the Editor 
evaluate current 


reader interests. 





ALLIS-CHALMERS 


lectical REVIEW 





THE COVER 


HIGHEST RATED TRANSFORMER installed to 
date, 404,250-kva 673,000-Ilb unit is at Com- 
monwealth Edison, Crawford Station serving 
Unit 8. Only the oil bushings and coolers were 
removed for shipment via railroad flat car. 
Shown during final inspection, it is 36 feet 
long, 18 feet wide and 19 feet high. The 
transformer has two 138-kv windings each hav- 
ing a load tap ch hani 
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DISTRIBUTION 
TRANSFORMEF 


by E. A. GOODMAN 
Pittsburgh Works 
Allis-Chalmers Mfg. Co. 


Progress in distribution transforme) 
developments is keyed to utility needs. 


TO THE CASUAL OBSERVER, a 1961 distribution 
transformer may not appear to be much different from 
one made five or even ten years ago. 


Since these transformers are usually thought of as rela- 
tively simple devices without moving parts, designed to 
hang on poles and perform the prosaic task of stepping 
down distribution voltage to utilization voltage, it might 
be assumed that they cannot be improved materially 


While changes in distribution transformer designs made 
during the last ten years have not been obvious they have 
affected every part of the transformer and every aspect of 
its operation. Each year or two, new materials and improved 
manufacturing methods have brought about redesign of 
these transformers permitting designers to incorporate new 
and more demanding utility system requirements as they 
arise. Perhaps the only pole type distribution transformer 
feature unchanged during the past decade is the general 
shape of the transformer tank. Everything else including 
core, coil, insulation system, performance characteristics, 
and even the tank coatings have been materially improved 
Today’s distribution transformer will last longer, has lower 
losses, weighs less, and actually costs less in terms of pur- 
chasing power dollars than the transformer of just a few 


years ago. 


New design process provides better solutions 


The most radical change has been in the actual design 
process. Ten years ago, all transformers were designed by 


4 







electrical and mechanical engineers with slide rules. Today, 
optimum transformer designs are obtained on digital com- 
puters, and selected from many computer solutions satis- 
fying all performance requirements. High speed digital 
computers permit a more exhaustive and more accurate 
study of each design problem. The final selection of the 
optimum solution, however, still remains with the engi- 
neer who must weigh the merits against the disadvantages 
of each solution among a narrowed down list of acceptable 
designs. Furthermore, such computers have made pos- 
sible far ranging theoretical investigations which pre- 
viously had been far beyond the faculty of a typical en- 
gineering department. 

During this same period automated processes and man- 
ufacturing techniques have made great strides. Now fully 
automatic tank manufacturing line transforms coils of 
sheet steel into completely painted and pressure tested 
distribution transformer tanks. Core making, forming and 
cutting lines have been semi-automatic for a number of 
years. Automation of distribution transformer testing, 
scheduling, inventory control, and accounting is well under 
way. Crating of finished units and shipping, once largely 
hand operations, are now highly mechanized. Computer 
designing and automation of manufacturing operations 
have been largely responsible for holding down the prices 
of distribution transformers, despite steady rises in ma- 
terial and labor costs. 
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New core steels improve characteristics 

Perhaps the most important contribution to the improved 
characteristics of today’s distribution transformers has been 
made by the development of better grain oriented core 
steels. In just the last few years core losses in commer- 
cially available core steel have been reduced by about 20 
percent by improvements in the quality of the steel itself. 
As a result, distribution transformers today operate at a 
considerably higher flux density than they did a decade 
ago, and at the same time, a more efficient core construc- 
tion has permitted a tighter core, reducing the air gaps 
between laminations and, therefore, the transformer excit- 
ing currents. Unlike power transformer stacked cores, 
distribution transformer wound cores do not have a flux 
density limit set by noise considerations. The increase in 
flux density, without a corresponding increase in core loss, 
led to a reduction in the number of turns in the winding 
and, as a result, a reduction of copper losses, impedances, 
and weights. Typical improvements, largely attributable 
to improved core steels, between 1952 and 1961 for a rep- 
resentative 25-kva, 7200-volt transformer are: 

Core loss 11.1 percent 
Impedance 23.1 percent 
Exciting current 25.0 percent 
Total weight 18.7 percent 

The decrease in total transformer weight results in 
lower overall installation costs to the electric utility. The 
lower core loss and exciting current directly reduce operat- 
ing costs and the lower impedance permits either heavier 
temporary overloads without objectionable voltage dips 
or distribution lines with smaller line conductors. 

























































































Higher short circuit strength required 


There is a growing emphasis on lower distribution trans- 
former impedances. These lower impedances permit larger 
short circuit currents to flow if a fault occurs on the 
transformer secondary. At the same time every electric 
power system in the United States adds to its generating 
capacity each year and thereby increases its short circuit 
capability. As a result of those two factors, distribution 
transformers today need a greater short circuit strength 
than they possessed in the past. Short circuit currents 
cause large mechanical forces which tend to force the coil 
apart. The magnitude of these forces is a square function 
of the instantaneous short circuit current. A short circuit 
capability of 25 times normal rated transformer current 
was considered more than adequate a few years ago when 
impedances were in the neighborhood of the three percent. 
Recently distribution transformers have been designed for 
a short circuit strength in excess of this value and have 
been successfully tested at short circuit currents greater 
than in past years. 


Since damage to the transformer generally occurs with- 
in the first cycle of the alternating short circuit current, 
low voltage circuit breaker of self-protected transformers 
cannot trip fast enough to prevent a transformer failure. 
Therefore, the strength to withstand those mechanical 
forces has been designed into the complete transformer 
assembly, and as distribution transformer impedances de- 
creased, their built-in short circuit capabilities have in- 
creased. 


New insulating films aid designs 


Outstanding progress has been made during the past dec- 
ade to provide electrical equipment manufacturers with 
better and more reliable insulating films for electrical con- 
ductors. These films were first applied to round magnet 
wire, and more recently to rectangular conductors used 
singly or in parallel in low voltage windings of distribu- 
tion transformers. Many films exhibit superior properties 
compared to earlier paper or enamel insulation and provide 
higher dielectric strength, improved flexibility and ad- 
herence to the metal, greater resistance to abrasion and 
cracking, and electrical and physical characteristics unaf- 
fected by higher temperatures. Certain insulating films, 
now available at reasonable cost, are suitable for contin- 
uous operation at 130°C, and at the same time are com- 
patible with mineral oil. Better and higher temperature 
insulating films have made possible more compact coils 
and lower transformer heights. 


The introduction of high quality and elevated tempera- 
ture insulating films has sparked considerable research 
into complete insulation systems, their individual com- 
ponents, and their behavior under long time operating 
conditions. Life tests of full size transformers at elevated 
temperatures have been undertaken to determine the effect 
of such higher operating temperatures on insulation aging 
and deterioration. Considerable work has been done to 
establish chemical and physical phenomena occurring 
among various insulating films, transformer oil, and cellu- 
losic materials. The tests were made with and without 
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chemical additives designed to stabilize the system and 
prevent its breakdown at elevated temperatures. Life tests 
of complete distribution transformers have proved con- 
clusively that an insulating system containing nothing but 
highest quality electrical grade kraft paper, universal oil, 
and the highest quality film insulation, with carefully con- 
trolled processing to eliminate moisture from the system, 
permit 65°C average copper rise rating of oil immersed 
transformers without any loss of life of the transformer. 
These higher temperature ratings mean that if the unit is 
basically rated at a 55°C temperature rise above ambient 
temperature, its capability, without loss of life, at 65°C 
rise is approximately 12 percent higher than its basic 
rating. There is a definite trend toward functional evalua- 
tion of insulation systems, resulting in temperature ratings 
which recognize the stability of the whole system at such 
higher temperatures, rather than the capabilities of the 
individual insulation components. 


Corona-free designs developed 

Discovery and recognition of the damaging effects of 
corona on various insulating materials has resulted in 
corona-free distribution transformer designs. Evidence is 
generally accepted that corona effects can be actually more 
detrimental to electrical equipment life than overloading. 
Considerable research work has been done to determine 
the corona level of various electrode configurations and 
for various dielectric materials. Instrumentation has been 
developed to establish by test the starting voltage and 
intensity of corona for a given electrode geometry. 


In addition to careful design, corona-free operation of 
the unit under all rated voltage conditions requires careful 
processing of the coil and of the insulating oil to eliminate 
minute traces of moisture and air. Varnish impregnation 
of the coil, while making it mechanically stronger, also 
tends to trap air in small pockets, which are sealed off 
as the varnish hardens. Such air pockets are highly sus- 
ceptible to corona which tends to deteriorate surrounding 
insulation. For this reason, varnish treatment of the coils 
has been eliminated. 


Coatings improved 

Chemistry has provided the electrical equipment industry 
with a host of new discoveries that found application 
in new insulating materials, varnishes, paints, protective 
coatings, and even new gaseous dielectric materials. Most 
apparent, and perhaps also most useful for distribution 
transformers, are improved paint systems and plastic coat- 
ings for tanks and covers. Corrosion of exposed parts has 
been a major source of distribution transformer troubles 
for many years, particularly in saline and other corrosive 
atmospheres. 


Today's coating systems are designed primarily to re- 
sist corrosive atmospheric conditions, with the secondary 
thought of making such coatings good dissipators of the 
heat generated within the unit. In addition to those two 
considerations, modern distribution transformer coatings 
are more resistive to sunlight, have less tendency to blister 
or crack, and are suitable for continuous operation at 
higher temperatures without deterioration. To assure 
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proper protection against all common distribution trans- 
former environmental conditions, the following steps are 
taken in the preparation and painting of the tank: 


1. Substrate treatment, to remove oil and grease films, 
dirt and loose metallic particles and to provide a rough 
surface as a base with good adhesive qualities for sub- 
sequent coatings. This bonderizing process has five steps: 


Cleaning with a detergent in an alkali emulsion water 
solution. 


Hot water rinse. 
Phosphatizing. 

Cold water rinse. 
Chromic-phosphoric acid rinse. 


2. Primer coat, of good adhesive qualities. An alkyd- 
amine base coating of high corrosion resistance is flow- 
coated onto the tank and baked on in a continuous oven. 


3. Main coat, of good weathering qualities. An alkyd- 
amine enamel coating is flow coated on top of the primer 


and again fully baked on. 


4. Final coat, of tough, weather resistant high gloss 
enamel. This alkyd-melamine base, non-chalking coat is 
easily washable, and therefore, in effect self-cleaning. It 
is applied after the transformer is completely assembled 
and given a fast high temperature bake. 


As a step in the same direction of reducing corrosion 
possibilities, external transformer projections have been 
eliminated wherever possible, since any such surfaces are 
generally harder to cover than smooth and relatively flat 
surfaces. Bushings are clamped internally and other at- 
tachment devices have been simplified for easier and more 
reliable coating. 


Special plastic coatings are now widely used on distri- 
bution transformer covers. Such coatings serve as insula- 
tion to prevent grounding of cover bushing terminals by 
animals. 


Trend to higher primary voltage is continuing 
Higher distribution voltages are constantly increasing in 
popularity but in many utility systems, the change-over 
from 4 or 5 to 12 or 13 kv must necessarily be a gradual 
one. To facilitate and simplify this change-over at a 
future date, externally operated series multiple switches 
have been developed and their use in 5-kv class distribu- 
tion transformers is increasing rapidly. Such dual voltage 
transformers, in addition to their original purpose of facil- 
itating distribution voltage upgrading, can simplify the 
utility's stocking and warehousing problem. Since dual 
voltage transformers are insulated for the higher voltage, 
their introduction is accelerating the trend toward the 
higher voltages. 


The pace of research and development work on distri- 
bution transformers in the past decade will undoubtedly 
continue, providing transformers closely tailored to chang- 
ing distribution system needs. With the help of data 
processing and computing equipment and more highly 
automated production facilities, better and more economi- 
cal transformers are on the horizon. 
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Authors’ Preface 


At the close of World War Il, the U. S. Navy entered into a long range program 
to increase the efficiency and power of shipboard propulsion machinery. As part 
of this program, the nation’s leading manufacturers were asked to engage in de- 
sign studies aimed at developing new or improved machinery components which 
would provide more power with greater efficiency, but at less weight and in less 
space. Above all, there was to be no sacrifice in the long-established high degree 


of reliability required of naval propulsion equipment. 


Included in the Navy's program was the improvement in main propulsion tur- 
bines to operate under high-temperature, high-pressure steam conditions, thereby 
following trends proven in commercial power plant practice. Keeping pace with 
these rising steam conditions, the science of metallurgy was developing better 
and stronger metals, particularly in the chrome-molybdenum steel and nickel 
alloys. Turbine designers were quick to utilize these stronger metals in their 
concepts of high-temperature, high-pressure machines for they offered the best 


solution to the basic problem of reliability. 


In the period between 1945 and the present, many turbine designs were 
developed. Some employed completely new ideas while others were improve- 
ments on old ideas. Out of this experimenting and development grew compact, 
high-powered, light-weight turbines capable of operating efficiently under the 


most severe conditions and with the utmost reliability. 


An excellent example of this is the turbine design as installed in the DLG 9-13 
class and DLG 23-24 class of the Navy's Frigates. 


The Frigates, among the Navy's fastest combatant ships, are an entirely new class 
of vessel. They have a 5,600-ton displacement with an overall length of 51212 
feet and a 52-foot beam. As such, they rank between the present destroyer and 
cruiser classes and will serve as destroyer leaders. First ships designed especiall 
for guided-missile launching, the Frigate main armament consists of Terrier su- 
personic surface-to-air missiles and the newly-developed ASROC (anti-submarine 
rocket) that uses a solid propellant and is equipped with acoustical homing 
guidance. While the vessels are designed primarily for anti-submarine and 


anti-aircraft warfare they can also be used to screen high speed task forces and 


to support amphibious operations. A normal complement of crew is 350 men. 
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High reliability, low weight per 
shaft-horsepower characterize geared 
propulsion units for newest guided- 
missile launching destroyer leaders. 


TO MEET REQUIREMENTS of the modern high speed 
Navy, main propulsion turbines must not only be ex- 
tremely rugged and reliable but also compact, efficient and 
easy to maintain and operate. The twin shafts of the new 
Frigate-Class (DLG) vessels are each driven by a 42,500 
shaft-horsepower (shp) geared turbine unit that combines 
these characteristics in an extremely light-weight power 
package. Together, the ship’s two engine rooms provide 
in excess of 85,000 shp — enough to make these destroyer 
leaders among the fastest combatant ships in the world. 
Operating on 1200-psig, 970 F throttle steam, each tur- 
bine unit consists of a single-flow high-pressure (HP) 
and a double-flow low-pressure (LP) element arranged for 
cross-compound operation. 
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PRECISION GUIDES help locate high- 
pressure turbine spindle in casing dur- 
ing factory assembly and shipboard 
overhaul. Two-row governing stage is 
at right, followed by four bypass stages 
and five full-admission stages. After 
finished machining, each spindle is 
statically and dynamically balanced 
with all rotating parts attached. Over- 
speed tests are run in the spindle’s 
own bearings and casing. (FIGURE 1) 





Unlike central station turbines, which constantly oper- 
ate at or near 3600 rpm and in one direction only, marine 
turbines must be reversible, variable speed drives. A ship 
propeller is basically a low speed element, in this case 
300 rpm at full power. On the other hand, turbine com- 
pactness is achieved by designing to the highest speeds 
which available spindle and blade materials permit. At 
full power the high pressure turbine of this unit operates 
at 7266 rpm, and the low pressure turbine at 5943 rpm. 
The two turbine elements are directly coupled to the 
propeller shaft by a double reduction gear. 


It is a peculiarity of combatant vessels that their full 
speed, attained only infrequently in actual service, must 
be much greater than cruising speed. Since the power 
required to propel a vessel is approximately proportional 
to the cube of its speed, a wide disparity exists between 
full power and cruising power. In the case of these 
Frigates about seven times as much power is required at 
full power than is needed at cruising power. The Navy, 
in order to obtain a high degree of turbine compactness 
together with the greatest possible cruising range, specified 
a high level of turbine performance at both full power 
and cruising power. To reach the required level of per- 
formance over so wide a spectrum of power, demands the 
greatest ingenuity on the part of the turbine designer. In 
the design of the Frigate turbines, this requirement for 
good performance at all loads with an equal HP-LP power 
split at full power was achieved with an internal steam 
by-pass and special staging arrangements. The HP turbine 
in Figure ! contains ten impulse stages, the first stage 
being a two-row governing element. The following four 
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stages are partial-admission, single-row elements which 
are by-passed at higher loads. The remaining five stages 
in the HP turbine are full-admission, single-row elements. 


The low-pressure turbine in Figure 2 has five double- 
flow ahead stages arranged in opposed flow with the inlet 
at the center of the machine. A two-row impulse astern 
stage is located in each of the exhaust ends. 


In order to achieve the specified performance at all 
loads, some of the HP stages are by-passed at higher pow- 
ers. At light loads, steam enters the unit through the 
governing stage and passes through the partial-admission 
stages, the full-admission stages, the crossover pipe, the 
double-flow low-pressure turbine and into the condenser. 
When ship speed reaches 25 knots, throttling by-pass 
operation begins. The by-pass valve is partially opened to 
permit a small portion of the steam to by-pass the four 
partial-admission stages. The blading steam flow and the 
by-pass steam flow then recombine and enter the full- 
admission stages and pass through the succeeding stages 
before exhausting to the condenser. 


Full by-pass operation begins at a ship speed of ap- 
proximately 27 knots. As at lower powers, steam con- 
tinues to enter the turbine through the governing stage 


The throttling by-pass valve, shown schematically in 
Figure 3, opens fully, causing most of the steam to by-pass 
the partial-admission stages. The steam then passes, as 
before, through the full-admission stages and through the 
low-pressure turbine. For astern operation, throttle steam 
enters the astern nozzle chests located in each end of the 
low-pressure turbine and is directed through the exhaust 
nozzles after flowing through the astern blading. 


Admission of ahead inlet steam is controlled by a bar- 
lift valve gear mechanism which picks up the six inlet 
valves in sequence as the power demand increases. The 
operation of both the bar-lift mechanism and the internal 
by-pass valve is accomplished by direct mechanical linkage 
from the ahead handwheel. A compressed air operated 
power piston is provided to execute the instantaneous 
opening of the by-pass valve at the time of changeover to 
full by-pass operation, 27 knots. 


During recent trial runs, this arrangement and other 
operating characteristics of the Frigate turbines were 
thoroughly tested, evaluated and proved to the full satis- 
faction of the Navy. Even before this, however, intensive 
testing at the Naval Boiler & Turbine Laboratory estab- 
lished the inherent reliability and efficiency of the units. 
There, operating with its associated power plant equip- 
ment, the prototype turbine unit met all Navy design re- 
quirements and gave indication of things to come. Sub- 
sequently, this design performance data was substantiated 
by the successful sea trials of the U.S.S. Coontz, U.SS. 
King and U.S.S. Mahan within the past year. They have 
consistently performed without fault during all radical 
maneuvering exercises such as crash astern and crash 
ahead, as well as in full power and locked shaft runs. 
During the sea trials, the official fuel rates at both cruising 
speed and full power have always been bettered and power 
in excess of 85,000 SHP per ship easily demonstrated. 


Compact design important 

Size and weight are critical considerations for the marine 
turbine design engineer because aboard ship every extra 
foot of space and pound of weight mean lost carrying 
capacity and speed. Table I shows the principal weight 











and dimensions of the Frigate turbine and gives some 
idea of the power they pack into each cubic foot of 
engine-room. The weight-to-power ratio of 1.63 lbs/shp 
is one of the lowest ever designed for steam turbine driven 
combat vessels. 


Stringent Navy requirements resulted in a very low unit 
employing a short, straight crossover pipe and a balanced 
expansion joint. The in-line crossover pipe not only 
eliminates the need for take-down space when lifting the 
turbine covers for inspection but also has the advantage 
of light construction with minimum space requirements. 
The arrangement eliminates the need for removing and 
handling a separate large crossover pipe during main- 
tenance-inspections. A self-equalizing feature of the cross- 
over balances the forces on the casings resulting from 
pressure and vacuum loads. It flexes the expansion joints 
primarily in the axial direction with a minimum of trans- 
verse deflection, resulting in low stress levels and con- 
sequent longevity. Flange take-down joints are provided 
for ease of replacement in the event of battle damage. 
This in-line crossover provides an installation of excep- 
tionally clean appearance that greatly improves engine- 
room visibility and equipment accessibility. 


High reliability requirements met 

To meet the rigid reliability standards required of main 
propulsion turbines, design engineers must give particular 
consideration to thermal expansion, astern operation, shock 
due to shell and underwater explosion, distortion due to 
ship’s foundation bending or twisting, and variable and 
high-speed operation. Adequate allowance for thermal 
expansion of the casings and spindles during all operating 
conditions is particularly emphasized in the Frigate tur- 
bine design because of the high steam temperatures in- 
volved. Not only the HP but also the LP turbines must 
be designed to withstand these movements since the 
astern stages also receive steam at throttle conditions. 


In order to preserve efficiency in the HP turbine and 
yet provide sufficient space for axial expansion, the blade 
disks are sealed axially against interstage leakage. To seal 
against leakage along the spindle at the diaphragms and 
gland casings, stainless steel step-tooth-labyrinth packing 
rings with radial clearances of .005’—.007” are used 
throughout. Axial expansion of cast alloy steel HP turbine 
casing is accommodated by rigidly anchoring the casing 
at the after end and absorbing the axial movement at the 
forward end with specially designed flexible support plates. 
These plates are pre-stressed at shop assembly to maintain 
an approximately vertical position during average expan- 
sion movement. Lateral expansion of the HP turbine 
casing is provided for by allowing the casing to move 
freely along permanently lubricated guiding keyways. 

In the LP turbine the blade disks are sealed radially by 
means of leaded nickel-bronze “hoop” seal rings attached 
to the diaphragms. The use of radial rather than axial 
seals here prevents seal damage during violent maneuver- 
ing or emergency astern operation. Steam leakage along 
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the spindle is sealed by using straight-tooth leaded nickel- 
bronze labyrinth packing rings. The interstage diaphragm 
seals have a radial clearance with the spindle of .023’ — 
027”, which also compensates for hog or bowing during 
rapid temperature changes. The radial clearance of the 
packing rings in the gland casings is .010’ —.012”. The 
LP turbine casing is free to expand both laterally and 
axially while allowing its four supporting feet to move 
unrestrained across permanently lubricated surfaces on a 
ball-and-socket support arrangement. 


Supports designed for shock 

Closely associated with the problem of expansion is that 
of machinery support. The latter is especially complicated 
because the equipment must be able to withstand sizably 
large shock forces caused by explosions or impact. While 
these supports must in no way restrict expansion move- 
ment, they must contain the turbines within tight limits 
to maintain proper alignment and preserve sealing effi- 
ciency. When these requirements are coupled to the mat- 
ter of shock, the design must offer sufficient strength 
without becoming ponderous. Navy shock requirements 
are high but by applying extensive and critical stress 
analysis to each support problem, and by careful selection 
of metals with the desired physical properties, a strong 
yet light design was evolved for the turbine supporting 
arrangement. All supports were designed to withstand 
shock loads in three directions, namely: 


ene 15g 
Athwartship (or lateral) shock forces........... 9g 
Fore-and-aft (or axial) shock forces............ 6g 


The support arrangement for the LP turbine is of par- 
ticular interest because of its unique design. The four 
support “feet” of the lower casing rest on the chrome- 
plated flat tops of four steel half-balls. These balls rest 
in mating sockets which are welded to the LP turbine 
frame. In addition to accommodating the axial and 
lateral expansions of the LP turbine casing, these ball-and- 
sockets automatically adjust the turbine for any inadver- 
tent misalignment that may occur. 


Since the hull of a ship is not a rigid structure, provision 
must be made to compensate for its various deflections. 
This is accomplished on the LP turbine by mounting the 
turbine within a carefully designed box-like frame, as 
shown in Figure 4. This frame is supported on the ship's 




















structure at three points; one forward and two aft. The 
after support points are rigidly bolted down whereas the 
forward point contains a large steel pin about which the 
ship's structure may rotate during deflection. With this 
arrangement deflections are not transmitted to the turbine 
and performance is not disturbed. 


Another design consideration aimed at increasing per- 
formance and reliability of the Frigate power unit is the 
provision for twin exhaust nozzles to lead exhaust steam 
from the LP turbine casing to the condenser attached 
below. This arrangement thoroughly distributes the ex- 
haust steam, reduces steam exit losses, and provides a 
stronger joint between turbine and condenser. Heating 
of the condenser becomes more equalized and the large 
expansion differentials, usually experienced during rapid 
speed reversals, are lessened. Thus, the tubes exhibit less 
tendency to break from the tube sheets and the chances of 
contaminating the feedwater system are minimized. 


Airfoil blading used 


The blading installed throughout the HP and LP spindles 
is of the latest airfoil profile, shown in Figure 5. It has 
a rounded inlet nose with a convex face. It is stronger 
than the conventional profile and has better performance 
characteristics for the design steam conditions. The fourth 
and fifth ahead stages of low-pressure turbine have tapered 
and twisted blades designed for radially stabilized flow. 
Moisture content of the steam and the tip velocity of these 
blades are such that erosion shields are not required. Axial- 
entry fir-tree type blade fastening is used for maximum 
strength. Blade roots are snugly fitted into corresponding 
axial serrations broached in the spindle blade wheels. 


The Frigate turbine HP and LP spindles are statically 
and dynamically balanced after finish machining with all 
rotating parts (blades, thrust collar, spindle nut, etc. ) 
attached. They are also overspeed-tested to 120% full 
power rpm. For the overspeed runs, each spindle is 
tested in its own casing and bearings with maximum 
permissible vibration limited to .00075” double ampli- 
tude, as measured on the bearing cap in any direction. 


Both the HP and LP spindles are held by and rotate 
within babbitted journal bearings under forced lubrica- 
tion at 15 psig. Conventional tilting-shoe double thrust 
bearings maintain the HP and LP spindles in axial loca- 
tions. They are mounted at the forward end of each 
spindle and are lubricated by the same system as the 
journal bearings. All bearings, thrust and journal, are 
designed to operate with Navy Symbol 2190TEP oil at an 
inlet oil temperature of 120 F and a 25 F temperature rise. 


New plateau of development 

Although the fundamental requirements of main propul- 
sion turbines have remained unchanged through the years, 
desire for increased performance has lead to adoption of 
higher steam conditions and unit ratings as well as other 
refinements in marine power plants. With design progress 
such as that evidenced by the Frigate drives, turbine man- 
ufacturers have enabled Naval and commercial ship oper- 
ators to take maximum advantage of these refinements. 
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by D. V. HOTSON 


Control Department 
Allis-Chalmers Mfg. Co. 


Voltage comparator using Zenor diode 
provides compact, sensitive voltage 
reference for generator voltage regulation. 


NORMALLY, the frequency of a generator is closely reg- 
ulated by action of the speed governor. Under certain 
operating conditions, however, the frequency may vary 
from a few percent below normal to 150 percent above 
normal. 


The frequency is below normal when a generator is 
being brought up to speed for synchronizing to the sys- 
tem. One of the operator's problems can be eliminated if 
the voltage regulator is put in control of the generator 
voltage before synchronizing. 

The frequency of a hydro-generator may rise to 150 
percent if the generator is fully loaded at the moment it 
is separated from the system. Since for mechanical reasons 
the penstock regulating gates cannot be closed instantly, 
it is desirable to keep control of the generator voltage 
despite the wide variation in frequency until the speed 
can be brought back to normal. 

To be able to regulate voltage under these two condi- 
tions, the voltage sensing portion of the regulator must 
be insensitive to the frequency of the voltage it senses. 
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IDEALLY SUITED for a voltage comparator circuit is the Zenor diode. 
The sharp knee in its curve serves as a reference point. (FIGURE 1) 








Several methods have been used in the past to obtain 
frequency insensitive voltage sensing equipment. Non- 
linear resistors and saturating reactors have been used in 
the past for this purpose. In the last few years a device 
known as a Zenor diode has been introduced which has 
the desirable characteristics for a voltage regulator com- 
parator or reference circuit. Its basic characteristic is 
shown in Figure 1. 


At point (a) the current (I) changes greatly with a 
small change in voltage. If the circuit shown were modi- 
fied to the extent of making a bridge circuit, the resulting 
reversible control is shown in Figure 2. 


If we refer to Figure 1, characteristics of a Zenor diode, 
we can consider point (a) as the point which corresponds 
to 100 percent generator voltage. If for some reason the 
generator voltage dropped, the voltage unbalance of the 
bridge would cause current to flow through the magnetic 
amplifier control windings from left to right, resulting in 
a boosting output signal of the regulator. Conversely, if 
the generator voltage becomes high, the voltage unbalance 
in the bridge would cause a current through the control 
winding to flow from right to left. This current would 
result in a bucking output regulator voltage. 


Because the output of the Zenor diode bridge is fed to 
a push-pull pre-amplifier, a sensitive voltage regulator 
operating free from the effects of frequency changes can 
be provided. The Zenor diode voltage comparator circuit 
is less sensitive to temperature or mechanical shock than \ 
earlier arrangements. Because the Zenor itself is simple to 
mount, a more compact regulator assembly can be provided. 








by R. C. MOORE 


Motor-Generator Department 
Allis-Chalmers Mfg. Co. 





The fault contributions of 
induction motors are often needed 
in distribution system studies. 
Here are the basic formulas. 


IN THE EARLY DEVELOPMENT of polyphase induc- 
tion motors and generators engineers noted that there was 
no sustained short circuit current when the terminals of 
an energized machine were short circuited. However, 
there was not an early appreciation that some induction 
machines, especially the large high speed types, may con- 
tribute substantial transient current immediately follow- 
ing a terminal short circuit, such as shown in Figure 1. 
The contribution of induction machine transient short cir- 
cuit current into a fault may be an important factor in 
relaying and breaker or fuse selection. When studying 
machine short circuits the current magnitudes and time 
constants influencing the rate of current decay are of par- 
ticular interest. 


At the instant following a short circuit of the terminals 
of a three-phase induction machine, magnetic flux linking 
the stator windings becomes trapped or fixed to the wind- 
ings. The stator magnetic flux poles no longer rotate in 
the air gap but are fixed in space to the stator windings. 
Similarly, the rotor magnetic flux, approximately equal in 
value to the stator flux, is trapped in and fixed to the rotor 
windings with which it then rotates. The fluxes of either 
set are maximum at the instant of short circuit and start 
decaying immediately thereafter in accordance with ma- 
chine time constants. 


14 





LARGE MOTORS in any application and on any system must be con- 
sidered when analyzing system short circuit possibilities because their 
contribution to a fault may be large, even though it is transient. 


Assuming full speed is maintained, the flux fixed to 
and revolving with the rotor generates normal frequency 
alternating current (60 cycles, for example) in the stator 
windings, in the same manner as a short circuited syn- 
chronous machine having a direct current excited rotor 
field winding. However, in the case of an induction 
machine, the rotor flux eventually dies out since there is 
nO sustaining rotor excitation source. Thus in any parti- 
cular phase winding the peak values of the alternating 
current component of short circuit current, induced by the 
decaying rotor flux, decrease with time. The decaying cur- 
rent may take the form of the graph of Figure 2. Its 
maximum value is shown at time zero. 


Magnetic flux trapped in the stator windings also de- 
creases with time but remains fixed with respect to the 
stator windings as previously mentioned. The component 
of stator current associated with this decaying flux is ap- 
proximately a unidirectional or direct current decreasing 
exponentially with time and may take the form shown in 
Figure 3. Because a 120 degree relationship exists among 
phases of a three-phase winding all phases may not have 
the same initial value of direct current. Thus, following a 
short circuit, the initial value of the direct current com- 
ponent in a phase winding may vary in magnitude from 
zero tO a Maximum. 

Total short circuit current in a stator winding may be 
obtained by adding the alternating component, i,,, to the 
direct current component, ig... Thus addition of the or- 
dinates of Figures 2 and 3 at a given time ‘t’ gives the 
total short circuit current, i,., shown in Figure 4. 


Determination of the curves of Figures 2 and 3 require 
the evaluation of instantaneous magnitudes and decay 
rates of the short circuit current components, in. and igg. 
Calculations for determining these components may be 
made from the following helpful formulas. 
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Alternating current component is calculated 
Assuming the rotor trapped flux in the induction machine 
does not decay after a terminal short circuit, a sustained 
alternating current is generated in the stator winding. 
Thus, under the assumption, the current would take the 
form of a curve similar to Figure 2 but would show no 
reduction in the peak values of the current with an in- 
crease in time. An expression to describe such a curve 
may be written for three-phase induction machines such 
that at zero time the current is maximum, thus: 


i’ne = —\/2 — Cos w t amps (1) 


, 


where, 
E = Terminal to neutral rms supply voltage before short 
circuit 


x’ = transient reactance of induction machine, ohms per 
phase 


w» = 2xf (f= supply frequency in cycles per second ) 
t = time in seconds. 
The following useful expression may be used for x’, 
the transient reactance of an induction machine, 
X2 XM 


x’ = x1 + 
Xo + Xu 
where, x;, X2, and xy are respectively the stator, rotor and 
magnetizing reactances, in ohms per phase, as used in the 
induction machine equivalent circuit’. 


= X; + X» (approx. ) 


The expression for Eq. (1) is based on the assumption 
that there is no decay of the flux trapped in the rotor. 
However, the flux actually starts decaying the moment 
after the short circuit and, thus, induces a decaying short 
circuit alternating current in the machine stator windings. 
An expression for the decaying current my be obtained 
using Eq. (1) modified by an exponential decrement 
factor, t 


i 
se | thus, 
t 


4 


eo — V2 oe Tae Cos wt amps (3) 
x 


where, ‘e’ is the base of the natural or naperian system 
of logarithms. 


A useful expression for the alternating current time 
constant, Ta, 1s 
¥ X2 + Xm 
X1 + Xm w f2 


x’ 


X; + Xm 
where fro is the induction machine rotor resistance in 
stator terms, ohms per phase. 


Teo seconds 


T, seconds (4a) 


Expressions (4) and (4a) are identical. The factor T,, 
is the machine open circuit time constant in seconds?. 


Eq. (3) may be used to obtain the alternating com- 
ponent of stator short circuit current such as shown in 
Figure 2. Total short circuit current may be obtained by 
adding to the alternating current component the direct cur- 
rent component determined from the following formulas. 
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Direct current component of short circuit is 


determined 

At the instant of short circuit magnetic flux linking the 
stator windings becomes trapped or fixed to the windings 
As time increases following a short circuit, the trapped 
flux decays. Associated with the flux decay is an approx 
imately unidirectional or direct current decaying exponen- 
tially in the short circuit stator winding, as shown in 
Figure 3. The maximum value of the direct current com- 
ponent may be determined from the alternating current 
component by applying the theorem of constant flux link- 
ages. Thus, at the instant following short circuit, the 
stator winding flux linkages may be assumed constant at 
the value existing prior to short circuit. Hence, at a time, 
t, in seconds, infinitesimally greater than zero, 





iae (max) =— ig (max peak) = \/2 —-, amps (5) 
The direct current component, ig., decreases exponen 
tially with time from its maximum value, in accordance 
with the direct current time constant, Ty... Thus Eq. (5 
may be multiplied by an exponential decrement factor, 








t 





sy ° 
e “« , to describe current decay, or 
E =. 
’ m1 T 
ig Nfs sre ‘¢ amps (6) 
x 


The direct current (dc) time constant, Ty. may be 
evaluated from the following expression: 
, 


, seconds (7) 





Te = 


wy 
where, 
wo — 2rf 
f = supply line frequency, cycles per second 


r; = stator winding resistance, ohms per phase 


Short circuit current is sum of alternating 


and direct current components 

Total short circuit current for a three phase induction 
machine for an asymmetrical short circuit condition of 
Figure 4 when the alternating current component, i,., is 
fully offset, may be obtained by adding the component i,, 
Eq. (3) to the component iy. Eq. (6), thus 


Ix¢ lace — Ide a 


t 


c 
on a a 
=\/2 —§ ec ae —e *“ Cos wt }, amps 


xX 


(8) 


An example may serve to illustrate the use of the equa- 
tion to obtain short circuit current computations and data. 


Short circuit calculations given 

Short circuit computations for an induction machine may 
be made to determine the short circuit current, i,., when 
machine data are available to evaluate the components, 
in. and ig.. When the data are given in terms of voltage, 
and ohms per phase in stator terms, they may be used 
directly in the equations. 

However, machine data may be given in per unit (PU) 
values which may also be used in the equations. In PU 
quantities, line to neutral rms, volts and full load amps 
are considered 1.0 PU in value. Per unit (PU) resistances 
and reactances may be converted to ohms per phase, stator 
terms when multiplied by the ratio E/I, where “E” is 
machine rated voltage, terminal to neutral rms value, and 
“LT” is rated, full load, rms amperes. 


The following example, for which 60-cycle design data 
are given in PU quantities, illustrates short circuit com- 
putations; thus, 


0077 r; — 0.01 a= 55> 
x» — 0.090 ro — 0.015 B10 


I,n (locked rotor) = 6.0 (ratio locked to rated current ) 
and is (approx.) E/x’ = 1.0/0.167. 


The maximum peak value of the alternating component 
of short circuit current may be obtained from Eq. (3) 
at time, t = 0 seconds, 


E 
Eq. (3) tae (max) = - V2 -— -V/2 Inkn= —8.48 


and ige (max) = - ige (max) 
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The time constants T,. and Ty. may be determined from 
Eq. (4) and Eg. (5): 
1/6 5.64 


5.627 “° 2760 X 0.015 
= 0.0295 sec or 1.77 cycles 





Ba. (4) Tae = 


0.077 


2760 X 0.01 
= 0.0204 seconds, or 1.22 cycles 


me. (3) Te= 


The alternating and direct current components, ig. and 
may be determined from Eq. (3) and Eq. (6). 


lacs 
t 
Eq. (3) tee = 8.48 e— 0.0295 Cos wt (PU) 
a 


Eq. (6) iae = 8.48 e ~ 0.0204 (PU) 


Thus, total short circuit current may be expressed, 
t t 
ice = 8.48 | e€ ~ 0.0204 —e~ 0.0295 Cos wt } PU 


(9) 


Current in amperes may be obtained by multiplying 





Curves for the component currents ige, ige and ie are 
plotted in Figure 5a, 5b and 5c respectively. Determina- 
tion of the graph for Figure 5c may be made by algebraic 
addition of the ordinates of Figure Sa and Sb for a given 
time “t” in seconds. An alternate method would be direct 
evaluation of i,., Figure 5c, from Eq. (9). 


The graph of Figure Sc is of particular interest because 
the instantaneous short circuit current for the fully asym- 
metrical condition occurs 4 cycle following the applica- 
tion of the terminal sort. 


REFERENCES 


1. “Proposed Standard For Induction Motor Letter Symbols,” 
AIEE Paper 58, Jan. 1956. 

2. “Residual Voltage in Induction Motors Influences Load Trans- 
fer Time,” R. C. Moore, Allis-Chalmers Electrical Review, 3rd 
Quarter, 1955. 

3. “Induction Generator Theory and Application,’ J. E. Barkle 
and R. W. Ferguson, AIEE Tech. Paper 54-26. 

4. “Short-Circuit Current of Induction Motors and Generators,” 
R. E. Doherty and E. T. Williamson AIEE Transactions 1921. 

5. “Transient Analysis of A.C. Machinery,’ W. V. Lyon, a book 
published jointly by Mass. Inst. of Tech. and John Wiley & 
sons, IN. Y.-C. 





j 


Th ‘ ' 
. usmine 
reo) 
hi, Pal 


:_ lag, 
\\| 






a 


+ 





















jac, lac OF ice by full load current in rms amperes. 











PRIDE OF GULF STATES UTILITIES COMPANY is this outdoor power 
station named in honor of its president Roy S. Nelson. Engineered by 
the Stone & Webster Engineering Corporation, it is the utility’s first 
plant designed to accommodate 1,000,000 kilowatts of generating capa- 
bility. Units 1 and 2 (below) built by Allis-Chalmers are AIEE-ASME pre- 
ferred standard machines with nameplate ratings of 100-mw. A recently 
installed 150-mw unit brings the present station capacity to 350-mw. 
Gulf States is the first power company to install and operate a central 
information system. At Nelson Station, a computer-controlled system 
automatically records all essential operating data, senses sources of 
potential malfunction and provides directive control from a central point 
to all power plant locations through an elaborate communication system. 
Allis-Chalmers Staff Photos by Michael Durante 
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FOR INTERMEDIATE 
VOLTAGE SERVICE? 
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by STANLEY E. McDOWELL 
Switchgear Department 
Allis-Chalmers Mfg. Co. 





Considering the following questions and 
answers will assist in choosing between 
metal-clad switchgear and 
metal-enclosed fused interrupters 
for 2.4 kv thru 13.8 kv service. 


AT ONE TIME, the fuse versus circuit breaker question 
was often discussed by distribution system engineers. 
Circuit breaker developments eventually reached a point, 
however, where few engineers questioned its place in 
circuit protection. 


Recent developments in the fuse and interrupter switch 
field have once again brought this question to the minds 
of engineers responsible for specifying circuit switching 
and protective devices. Both the circuit breaker and the 
fuse interrupter have proper fields of application and 
although there is no firm agreement on this point, the 
information on the following pages should be of assistance 
in making an economical and sound engineering choice. 
Figure 1 shows a group of metal-clad switchgear in a steel 
mill while Figure 2 shows a group of outdoor fused in- 
terrupters. 


NEMA Standards Publication SG5, “Power Switchgear 
Assemblies,” defines metal-clad switchgear as follows; 


“Metal-clad switchgear is a type of switchgear assembly 
consisting of metal-enclosed units and auxiliary compart- 
ments characterized by the following: 


1. All parts are completely enclosed within grounded 
metal enclosures. 


2. Secondary control devices and their wiring are iso- 
lated by grounded metal barriers from all high- 
voltage primary devices. 


3. Major parts of the primary circuit such as circuit 
breakers, transformers and buses are isolated by 
grounded metal barriers. 


4. The circuit breaker is of the removable type, 
equipped with self-coupling primary and secondary 
disconnecting contacts, and is arranged with a dis- 
connecting mechanism for moving it physically 
(horizontally or vertically) between connected and 
disconnected positions. 


5. Interlocks are provided to insure proper sequence 
and safe operation. 


6. Buses, connections and joints are insulated through- 
out.” 
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At first glance, it may appear that fused interrupters are 
covered by this same standards definition, but this is not 
the case even though they serve the same basic function 
as metal-clad switchgear. At present, there are no definite 
standards applying to housed interrupter switches and 
fuses as a unit, however, NEMA Standards Publication 
SG-5 will eventually include manufacturing, rating and 
testing standards for them. Standards are now being 
written to cover the housed interrupter switch and fuse 
combinations. 


While standards do not, so far, clearly define the areas 
of application of these two protective devices, both are 
under the scope of the NEMA Power Switchgear Assem- 
blies Group which covers “Power switchgear assemblies 
including, but not specifically limited to equipment for 
the control and protection of apparatus used for power 
generation, conversion, transmission and distribution.” 


Below are answers to many frequently asked questions 
regarding circuit breaker versus fused interrupter applica- 
tions. 


Question: Do fused interrupters or circuit breakers 
have any load limitations in their application ? 

Answer: Yes. The maximum load fed by a fused in- 
terrupter is dependent upon the fuse rating. Either power 
fuses or current limiting fuses are used and they have 
maximum continuous current ratings of 400 and 200 
amperes respectively; furthermore, the fuse rating is ap- 
proximately 150 percent of the normal full load current, 
but this may vary due to coordination considerations. A 
circuit breaker, however, can be obtained with continuous 
current ratings of up to 2000 or 3000 amperes, thus are 
capable of feeding larger loads. Table I shows the load 
limitations: 








TABLE |! 
oem Transformer Kva, 3 rae rae 
Voltage Fused Interrupter Air Circuit Breaker 
Power Fuses C.L. Fuses 1200A. 2000 A. 3000 A. 
2400 1000 500 5,000 7,500 12,000 
4160 2000 1000 7,500 12,000 20,000 
4800 2500 1000 10,000 15,000 25,000 
7200 3750 1500 15,000 25,000 37,500 
12,470 5000 1500 25,000 40,000 60,000 
13,200 5000 1500 25,000 40,000 60,000 
13,800 5000 2000 25,000 40,000 60,000 





Question: Are there any limitations to interrupting ca- 
pacity available with fused interrupters ? 


Answer: Yes. With power fuses up to 250 mva at 
4160 volts and 500 mva at 13,800 volts; with current 
limiting fuses up to 250 mva at 4160 volts and 780 mva 
at 13,800 volts. These ratings compare with 350 mva at 
4160 volts and 1000 mva at 13,800 volts for air circuit 
breakers. 


Question: Air circuit breakers being electrically oper- 
ated devices are suitable for remote control. Can fused 
interrupters be arranged for remote control ? 
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Answer: Yes. Some manufacturers offer a fused in- 
terrupter which is operated by dry nitrogen or dry air 
pressure or similar pneumatic or motor operator. This 
allows remote or automatic operation. It must be remem- 
bered however, that the maximum switching capability 
is 600 amperes, the interrupting rating of the switch. 


Question: Can fused interrupters be relayed as exten- 
sively as circuit breakers ? 


Answer: No. Manually operated fused interrupters can- 
not be relayed at all. Pneumatic or motor operators allow 
some relaying such as automatic transfer schemes on un- 
dervoltage, overload relaying and some ground fault relay- 
ing, but again on overload switches are limited to 600 
amperes maximum. 


Question: Are fused interrupters commonly used to 
provide overload protection ? 


Answer: No. Fuses unlike circuit breakers, are not 
particularly suited for overload protection and therefore 
are usually not used for this application. 


Question: What are the overload capabilities of fuses 
and breakers ? 


Answer: Fuses are 100 percent rated devices, that is, 
they can carry their rated current continuously, but have 
very little overload capability. Since the element melting 
point is approximately 200 percent of its rated value, fuse 
overheating and resultant damage can occur in the 100 to 
200 percent range. Figure 3 illustrates allowable short 
time overloading permissible without impairing fuse oper- 
ation. If fuses are properly applied, overloading should 
not occur. Circuit breakers are rated 1200 amperes con- 
tinuous and in most normal applications would be on 
circuits with full load currents of 400 to 800 or even 
1000 amperes. Thus by adjusting relay settings, breakers 
could carry circuit overloads for extended periods with 
no impairment to operation. 
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duty ? 

Answer: No. When a fault occurs and the fuses blow 
to isolate the faulted circuit, the interrupter switch has 
not opened and the blown fuse or fuses must be replaced 
before reclosing can be accomplished — this is a manual 
operation. Circuit breakers with proper relaying can be 
reclosed instantaneously. 


Question: What about comparative interrupting speed ? 


Answer: Air circuit breakers have a normal rated in- 
terrupting time of 5 cycles (60 cycle basis), but can be 
obtained with interrupting time of 2 cycles. Fuses oper- 
ate within the first half cycle on short circuits, but are 
generally slower than relays on overloads. 


Question: Is there a possibility of single phasing on 
circuits protected by fused interrupters ? 


Answer: Yes. On overloads or short circuits, only one 
fuse may blow, thus resulting in single phasing with atten- 
dant damage to improperly protected motors or other 
equipment. On pneumatic or motor operated switches, 
single phasing can be eliminated by relaying to open the 
switch when a fuse blows. Fuse “sneak-outs” due to 
vibration, aging, etc., can also result in single phasing. 





Question: Does the use of fuses pose any problem in 
coordination ? 


Answer: Yes. Fuse time-current characteristics are less 
accurate than relay controlled circuit breaker tripping 
characteristics with the result that coordinated circuit pro- 
tection is more difficult and is generally less reliable. In 
general, fuses can’t provide as close coordination as cir- 
cuit breakers. 


Question: Is there any operating disturbance when fuses 
blow ? 

Answer: Current limiting fuses are quiet in operation 
Power fuses (expulsion fuses) on the other hand are very 
noisy and emit hot arc gases which must be vented. Air 
circuit breakers have very slight noise and emit some gases. 
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Question: Can fused interrupters be used on repetitive 




















Question: Are there any hazards involved in the use of 
circuit breakers or fuses ? 


Answer: Circuit breakers are completely safe. On the 
other hand, fuses are hazardous to personnel during re- 
placement because of the lack of compartmentation in 
fused interrupter housings, as shown in Figure 4, and 
because of the possibility of rupture when “blowing.” 
Since fuses must be replaced after blowing there is a pos- 
sibility that an incorrectly rated fuse may be installed. 


Question: Air circuit breakers can be closed on a short 
circuit without danger to operating personnel or damage 
to the breaker. Is this also true of fused interrupters ? 


Answer: Yes. Fused interrupters equipped with quick- 
make, spring charged closing devices, such as is shown in 
Figure 5, close at a high speed independent of the speed 
of movement of the operating handle. This assures that 
switch will move to the fully closed position against the 
magnetic forces tending to hold the switch open. 


Question: What is the interrupting life expectancy of a 
fused interrupter as compared with a circuit breaker ? 


Answer: Although standards at present give no definite 
interrupting life for fused interrupter switches, Table II 
gives the values generally accepted throughout the indus- 
try. Table III shows various listings for air circuit breakers. 
It can be seen that circuit breakers can switch full load 
currents many times more than an interrupter switch. 
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Question: What about maintenance after a fault inter- 
ruption ? 


Answer: When a fused interrupter clears a short circuit, 
the switch is not affected, thus, it is only necessary to re- 
place the fuses. Although some manufacturers state that 
it is not necessary to replace unblown units, it is generally 
a good idea to replace all fuses due to possible damage to 
unblown units. In the case of circuit breakers, NEMA 
Standards recommends that a breaker receive a mainten- 
ance check as soon as possible after it has interrupted a 
short-circuit fault. 


. Question: Are there any basic differences in compart- 
mentation used in switchgear and fused interrupter 
cubicles ? 

Answer: Yes. Metal-clad switchgear has all major parts 
of the primary circuit such as circuit breakers, instrument 
transformers and buses isolated from each other by 
grounded metal barriers; also all secondary devices and 
their wiring are isolated by grounded metal barriers from 
all high-voltage primary devices. This is shown in Figure 
6. Fused interrupters on the other hand have no com- 
partmentation — main buses, interrupter switch, fuses, etc., 
are all in one compartment as shown in Figure 7. 


Question: Is there a difference in the main bus arrange- 
ment ? 

Answer: Yes. In metal-clad switchgear, the buses in 
addition to being located in a separate compartment of 
the cubicles are fully insulated with material such as 
phenolic tubing. The buses in fused interrupter switches 
are bare. The current carrying capacity of bus for switch- 
gear is 1200, 2000 or 3000 amperes and for fused in- 
terrupters is 600 or 1200 amperes. 











































Question: The term “drawout” is sometimes used in re- 
ferring to fused interrupters. Is this arrangement similar 
to metal-clad switchgear ? 






Answer: Yes. The drawout fused interrupter shown in 
Figure 8 has many of the features of metal-clad switch- 
gear. The fuses and switch are removable from the cubicle 
and provide a disconnecting means; there are shutters 
covering the access openings to the stationary mainstuds 
and compartmentation similar to but not as extensive as 
switchgear is used. 















Question: Is there any difference in the connection of 
auxiliary equipment used with switchgear and fused in- 
terrupters ? 








Answer: Yes. In metal-clad switchgear, potential and 
control transformers are of the drawout disconnecting type 
and are mounted in separate compartments. In fused in- 
terrupters these devices are stationary mounted. 









Question: Are fused interrupters available for outdoor 
installation ? 







Answer: Like switchgear, both stationary and drawout 
fused interrupters can be obtained with weatherproof 
housings suitable for outdoor location. 


Question: Do fused interrupters require less floor space 
than metal-clad switchgear ? 





Answer: Yes. Except for the drawout fused interrupter 
which requires nearly the same floor spice as switchgear, 
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fused interrupters generally require from 60 to 75 percent 
of the floor area required by switchgear. 


Question: How do the maintenance requirements com- 
pare ? 


Answer: Circuit breakers and their associated devices 
are quite complicated mechanisms compared with fused 
interrupters and therefore require some maintenance while 
fused interrupters will operate for years with relatively 
little maintenance. Also maintenance of fused interrupters 
is relatively simple. 

Question: Are there applications where the use of fused 
interrupters should be recommended over circuit breakers, 
or vice-versa ? 

Answer: Yes. Fused interrupters are particularly suited 
for such light duty applications as switching and short- 
circuit protection of service entrances, feeders, small power 
and lighting transformers and load center substations 
where faults (as indicated by experience or nature of 
plant processes) are expected to be infrequent; also in 
most industrial plants or commercial and institutional! 
buildings, circuits are either indoor or completely under- 
ground and feeder cables are not exposed to faults caused 
by lightning, wind, etc. Therefore, failures which do occur 
generally result in relatively serious damage and the time 
| required to change a blown fuse is insignificant compared 
to the time required to make other repairs. On the other 
hand, circuit breakers are better suited for applications 
where faults are likely to occur more frequently and are 
of a transient nature. Also where plant processes dictate 
an absolute minimum down time or where complicated 
relaying and sequential interlocking schemes (such as 
power house auxiliary service or unattended pumping 
stations ) are involved, circuit breakers are the only choice 
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Question: \s there a difference in cost between switch- 
gear and interrupter switches for the same application ? 


Answer: Yes. The fused interrupter is a far less com- 
plicated device and consequently will cost from 50 to 75 
percent of the cost of switchgear depending upon acces- 
sories required or whether indoor or outdoor, but circuit 
breakers offer greater flexibility and continuity of service. 

Question: Are switchgear and fused interrupters ever 
installed in the same line-up ? 

Answer: Yes. Quite frequently there will be various 
types of loads on a system, some of which are of a nature 
that dictate use of circuit breakers while other loads, such 
as lighting transformers, require only a fused interrupter. 
A circuit breaker may also be used as a main breaker feed- 
ing a group of fused interrupters. 
































TABLE Il 
INTERRUPTING LIFE OF FUSED INTERRUPTER 
Nominal Kv Continuous Amperes Interrupting Life 
Actual 
Current Operations 
200 800 
4.8 600 600 100 
200 200 
13.8 600 600 100 
TABLE Ill 
REPETITIVE DUTY OF AIR CIRCUIT BREAKERS 
Breaker Rating Max. | 
| Operation; Operations | Operation 
| Mva | | Between Full Load Full Load 
Amps Max.) Kv | Servicing*| Non-Fault** | Fault*** 
| } | } 
1200 250 4.16 | 2000 5000 1000 
1200 750 | 13.8 | 2000 | 5000 1000 
2000 250| 4.16 | 2000 3000 1000 
2000 750 | 13.8 | 2000 3000 | 1000 
1200 and | | 
3000 | 350/416 | 1000 | 2500 | 500 
1200 and | | 
3000 | 1000 | 13.8 1000 2500 500 

















* Servicing on basis of 6 month intervals. 
** Normal load switching. 


*** Switching Fault Currents up to the continuous current rating of 
the breaker. 


(Refer to NEMA SG4-5.07 for further refinement) 





by R. C. ODELL 


Capacitor Section 
Regulator Department 
Allis-Chalmers Mfg. Co. 


A new voltage sensitive current 
biased capacitor control using inductive 
pick-up eliminates current transformer. 


DISTRIBUTION and sub-transmission circuits of utilities 
everywhere are studded with capacitors for improving 
voltage levels, bettering line loading with more real power 
and lowering system losses. The methods used in different 
power systems vary. However, all systems have a number 
of fixed or unswitched banks for base or light load condi- 
tions and other banks that are switched on as loads increase. 


Switched units, either in pole top racks or in substation 
stacking racks or enclosures, may be activated by a variety 
of controls. Each installation requires an analysis of the 
line and load conditions to determine its particular needs. 


The new control was developed for use on circuits in 
which generator bus voltages are increased with load'‘!?. 


On this type of operation the peak load voltage usually 
exceeds or nearly equals the light load voltage at any 
point on the system. A capacitor control on such a system 
that is responsive to both voltage and current will keep 
unwanted reactive kilovars off at light loads, but will 
switch in the necessary capacitors at full load. 


(1) “Bus Regulation Plus Capacitors Takes Care of System Volt- 
age,” Pettison and Reed, Electrical World, May 19, 1952. 
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NOVEL CONTROL operates on two plateaus of system load to switch 
capacitor banks for voltage correction and reactive kilovar supply. 
The control is readily adjusted in field to meet operating conditions. 


Control has voltage and current sensing 


elements 

The straight voltage sensitive control which switches off 
capacitors when the voltage is high and switches them on 
when the voltage is low is used but is modified by the 
addition of a current sensing device to give two plateaus 
of operation. One plateau is for light load periods and 
the second for full load periods. 


The voltage sensing device is a voltage regulating relay 
of the balanced beam type. The current sensing element 
consists of an inductive pickup coil located in the base of 
a post type insulator. The coil voltage output is propor- 
tional to the line current. 


The elementary circuit shown in Figure 1 shows the 
basic parts of the capacitor switching system. 


The control actually operates as a voltage sensitive 
control but is wired so that when a preset value of load 
current is reached the current bias shorting relay contact 
opens and inserts a resistance in the voltage regulating 
relay circuit. The voltage across this relay decreases 
enough to cause the balance beam to energize the timer. 
Subsequently the capacitor “close” relay functions thereby 
switching capacitors onto the system. 


As load current decreases below approximately 70 per- 
cent of the pickup value the current bias resistor is short 
circuited by the shorting relay and the panel reverts back 
to the initial plateau of operation as a voltage sensitive 
control only. 


With these plateaus of operation, the control functions 
as follows: 
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1. During light loads the capacitors are kept off unless 
the voltage falls to an abnormally low value, in which 
case they are switched on to bolster the voltage. Light 


load periods are accompanied by satisfactory but lower 
voltages than are had during peak load periods. Un- 


wanted ckvar is kept off the line. 


2. As the load increases, the system voltage increase will 
provide satisfactory voltage conditions. The capacitor 
control, acting on a voltage signal only, will cause capa- 
citors that were switched on under low voltage conditions 
to be switched off. 


3. Under peak loads, when the capacitors are needed most, 
the load current will activate the control device to switch 
all the capacitors on, providing a low loss high power 


factor system. If an abnormal situation develops in which 
the voltage on a particular line goes too high the voltage 
sensing part of the control circuit will override the cur- 
rent portion and switch capacitors off. This situation could 
develop if two or more circuits normally feed an area. In 
such a case the voltage will increase because of increased 
reactance back to the source when one line is out of service. 


Typical conditions show operation 
As an example, some general values can be chosen as 
shown in Figure 2, to illustrate the operation of the control. 
A study of a given circuit may show that for straight 
voltage control, the upper voltage limit should be set at 
118 volts with a band width of 3 volts, thus establishing 
the lower limit at 115 volts. The system voltage would 
usually be above these values, but the capacitors would 
be switched on if the voltage fell to 115 and off if it 
rose above 118 volts. An integrating timer, which may 
be manually adjusted up to 140 seconds prevents unwanted 
switching operations resulting from short fluctuations. 
As the load increases toward its peak the voltage at the 
location in question may be 122 volts at the current value 
chosen for switching capacitors on. For switching to take 
place, the voltage regulating relay has to sense a lower 
voltage when the current relay picks up so the balance 
beam will drop enough to energize the “close” circuits. 
The current bias rheostat control must be set at a value 
such that the change in the voltage distribution in the 
voltage relay circuit will result in enough voltage decrease 
across the voltage relay that the balance beam will fall to 
the lower limit position. By setting the bias control to 9 
volts the voltage regulating relay will effectually act as 
though the source voltage to the control is 113 volts. The 
capacitor switch will “close” after the time delay. 
Under these conditions, the control panel is operating 
on the second plateau and the capacitors are energized. 
The voltage on the line will show an increase because of 
the capacitors. If an abnormal condition developed that 
would push the voltage up to 127 volts the voltage sensing 
part of the control would trip the capacitors off the line. 





As the load decreases the current bias rheostat would 
be short circuited at 70 percent of the pickup value and 
the panel would revert back to a voltage sensitive control. 
Since the voltage on the control would be close to 122 
volts, which is well above the upper limit of 118 volts, 
the capacitors would be switched off. 


Current pickup assembly easily installed 

The high impedance pickup coil is imbedded in a porce- 
lain insulator, as shown in Figure 3. Its output is a voltage 
directly proportional to the current flowing in the power 
line lashed in the conventional way across the insulator 
top. The insulator base, with suitable fittings for conduit, 
is screwed on a pin on the pole cross arm or other support. 
Since the device is coupled to the line inductively, no 
breaking into the line or dead-ending are necessary. In- 
stallation is much quicker and easier than is accomplished 
with current transformers. 


The ratio of line current to voltage is 60 amperes to 1 
volt. However, the control is not phase sensitive because 
operations depend on relay action. Another feature is that 
the pickup coil is not damaged if the line is energized 
with the coil open circuited. 


Current bias relay is mounted on control panel 
The cabinet mounted control panel is shown in Figure 4. 
The current bias shorting relay is mounted in a conven- 
tional 6 point watt hour meter type socket on the upper 
part of the case. The voltage signal from the inductive 
pickup is fed into a simple magnetic amplifier which 
governs operation of the bias shorting relay. 


The line current pickup value is set by turning an 
adjustment knob on the rear of the relay mount. The relay 
must be withdrawn from the socket to make the adjust- 
ment. The current relay range is 1 to 5 with currents up 
to 5000 amperes. A typical rating may be 60 to 300 
amperes with the pickup adjustable at any value between 
these currents. 


The voltage sensitive part of the control is patterned 
after the control used on feeder voltage regulators and 
uses many of the same parts. 


The calibrated voltage level rheostat is adjustable from 
105 to 130 volts, the band width is adjustable from 0 to 
12 volts and the current bias rheostat may be varied from 
0 to 30 volts. An important feature is a self contained 
variable voltage test circuit, Caliband, which permits ac- 
curate setting of the voltage level at any point between 
105 and 130 volts even if the incoming source voltage is 
lower than the voltage level to be set. Voltage com- 
pensated thermal timers, a control power circuit breaker, 
a counter, and lightning arrester complete the circuit. 


Since the new capacitor control simplifies installation, 
makes field adjustment easy and provides the proper con- 
trol characteristics for a variety of operating conditions, 
it is expected that this type capacitor control will find 
increasing use. 
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by J. E. KANE 
and 
A. H. KNABLE 
Switchgear Department 
Allis-Chalmers Mfg. Co 
















Problems arising from growth and 
system changes often center about 
system short circuit possibilities. 
Here are some interesting approaches 
used in one industrial plant. 


FREQUENTLY the layout of an industrial plant discri- 
bution system starts out with a common radial system but 
when checking all fault possibilities, the system breakers 
planned may not be adequate. Often further changes may 
be required even before the system is in operation. Care- 
ful studies of such changes may provide the unexpected 
solutions. 


Figure 1 shows the single line diagram of such a dis- 
tribution system, having two incoming line breakers, 
3000 amperes each, and six 1200-ampere feeder breakers 
off the 13.8-kv bus. The primary fault available from the 
utility was known to be about 710 mva. The main load 
consists of three 3600-rpm synchronous motors having 
9200-hp, 17,200-hp, and 21,850-hp ratings. There is also 
a 5-mva miscellaneous load off the 13.8-kv bus. A careful 
check of the system showed that this large load supplied 
directly from one common bus would result in a fault 
current magnitude in excess of 1000-mva breaker ratings. 


Since the whole system could not be connected directly 
as one, if the breaker rating was not to be exceeded, the 
insertion of current limiting reactors was considered. 
There are two ways to apply the reactor to the system. 
One would be to put them in the two incoming lines from 
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the utility. The other would be to split the system in two, 
and to tie the two sections together through a reactor. The 
latter appeared more logical for this system since a smaller 
reactor in terms of continuous through kva is required and 
less reactor losses would result. Normally each incoming 
line will feed half of the system with very little power 
flow through the reactor, thus resulting in a lower loss. 
Figure 2 shows this more desirable arrangement with the 
two smaller motors the 9,200-hp and 17,200-hp motors on 
one side of the reactor and the large 21,850-hp motor and 
5-mva miscellaneous loading on the other side. 


Theorizing that the best place for the reactor is in the 
13.8-kv bus as shown in Figure 2, the size of reactor was 
determined using the following method of analysis: 


1.) Basic vector diagram 
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2.) Basic equations 
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The initial rate of decay is very rapid and is represented 
by the “subtransient” time constant T’d as Al”e~ '/7"". 
The transient period is expressed similarly by T’d as 
Ale-*?/™™, 


E; 





= Isus. 


The equation for total ac current is expressed as 


Tne = (Igus. + Ale */T"4 + Ale t/T™), 
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1-300 HP 
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2-100 HP 


The dc component of current is expressed as 


Idc = Ipce—*/T 


The total fault current becomes 

Troran = V lac? + lac 
The accuracy of the above method will be well within our 
needs in this analysis. 


4 


3.) Machine time constant affected by reactor 


One factor that requires special mention is the machine 
time constant T’d. When a machine is faulted through an 
external reactance the time constant changes by the follow- 
ing relation 


Td equiv.) = ea. T’do 


where x,, is external re- 
actance from machine 
to fault point. 


xd + Xo, 


This relation is simple enough when a simple series cir- 
cuit exists. However, when there are several sources 
feeding through the same reactor, an “equivalent” reactor 
having a higher impedance than the existing reactor must 
be determined to establish an “equivalent” time constant. 


The following relation is used. 


17200 HP 
9200 HP UTILITY 


FAULT 


FAULT EQUIVALENT CIRCUIT 


CIRCUIT 


Mva Relation 70 — 120 22 — 
540 


540 540 
The external reactance x., can be established from the 
equivalent circuit mva. From the analysis using basic 
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equations and equivalent time constants, it was concluded 
the reactor size required by 1000-mva breaker on a 1200- 
ampere bus is 3.57 percent at 26.3 mva, 3 phase through 
rating, .95 mva, 3 phase self rating. Based upon the 
original information received on the system, it was felt 
that the system with the reactors was adequate and the 
equipment was built using the circuit shown in Figure 2 


After the installation of the equipment, the plant under- 
went an expansion program and as a result of adding new 
loads the characteristics of the system were changed. 


Load was increased 
The initial load of 47 mva was increased to 60 mva with 
an ultimate future load of approximately 70 mva, as shown 
in Figure 3. 

Because of these changes a study was made with respect 
to possible short circuits. The short circuit analysis was 
approached from the following four points: 


1. System fault current decrement was based on the 
system (X/R) ratios. 


2. The 3 large synchronous motor fault current decre- 


7.5 MVA 
6% ZT 
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4100 HP 




















ments are derived from the motor reactances and 
time constants used in the following equation: 


Iroran —= V lac? + lac” 
Tac = (Isus. + AI”e—*/7"4 + Al’et/7"4) 
lac = Ipce—*/T4 


3. The induction motor fault current decrements were 
based on average values of induction machine data 


4. The total currents of the fault were obtained by 
superimposing these components. 


Table I is a tabulation of the current decrements from 
the system components. The total current to the fault 
point on the incoming line bus 1 is plotted against time, 
as shown in Figure 4. If the circuit breaker rating is 
superimposed on the current decrement curve, the 1000- 
mva circuit breaker on a 13.8-kv system will interrupt 
41.8 ka rms. The rated contact parting time of the 3-cycle 
circuit breaker with an instantaneous relay is 2 cycles, 0.5 
cycle relay time plus 1.5-cycle opening time. The momen- 
tary rating of the circuit breaker is 80 ka and this rating 
is adequate for the system 65 ka momentary fault current, 
but there will be required a minimum of 3.5 cycle relay 
time to allow the system fault current to decay to within 
the circuit breaker interrupting rating of 41.8 ka. On the 
feeder breakers other than the large synchronous motors 
the instantaneous trip was removed from the circuit and 
the time relays set on a low time level so that tripping 
would occur in 8 cycles. 


The overcurrent relay settings on the 13.8-kv feeders 
are given in Table II. 


Stability study made 

A further study was made on the digital computer of 
synchronous machine motor and induction motor stability, 
and the 13.8-kv bus voltage. 


Three fault conditions were analyzed to determine the 
system response. They are a fault on the 13.8-kv incoming 
line bus 1, a fault on the 13.8-kv incoming line bus 2, 
and a fault on the high side 69-kv system. 


The synchronous machine representation in the digital 
computer stability program included the effects of satura- 
tion, damping, saliency, and change in flux linkages. In- 
crements of time used in the calculations were in 0.01 


seconds. 




























Fault on the 13.8-kv incoming line 1. 

Figure 5 shows that the 8- and 15-mva synchronous 
motors on the faulted bus will fall out of synchronism if 
the fault is not removed in approximately 0.2 seconds (12 
cycles). The voltage on the faulted bus is zero until the 
fault is removed. Figure 6 shows that the 19-mva syn- 
chronous motor on the incoming line bus 2 will not fall 
out of step if the fault in the incoming line 1 is removed 
within 3 seconds. This time is much longer than any fault 
time anticipated so that loss of synchronism is no problem 
for this particular fault condition. The incoming line bus 
2 voltage for the first few tenths of a second is held up to 
approximately 41 percent during an incoming line bus 1 
fault and returns to within a few percent of normal after 
the fault is removed as shown. 


Fault on the 13.8-kv incoming line bus 2. 

Figure 7 shows that 19-mva motor on the faulted bus 
will fall out of synchronism if the fault is not removed in 
approximately 0.25 seconds (15 cycles). The voltage on 
the faulted bus is zero until the fault is removed, as shown 





TABLE | 
CURRENT DECREMENT 


t-cycles 


thru reactor (306 mva-sym) 

thru 30 mva trans. (307 mva-sym) 
15-mva syn. motor (197 mva-sym) 
8-mva syn. motor (131 mva-sym) 


Induction motors (23.1 mva-sym) 


TOTAL (964.1 mva-sym or 40 ka sym) 


in Figure 7. Figure 8 shows that the 8- and 15-mva 
motors on the incoming line bus 1, represented as 1 equiv- 
alent machine because their swing characteristics were 
similar, will not fall out of step if the fault on the in- 
coming line bus 2 is removed within 3 seconds. A fault 
on one bus will not cause the synchronous motors on the 
other bus to fall out of synchronism with normal relay 
operating time. The incoming line bus 1 voltage is held 
up to approximately 45 percent for the first few tenths of 
a second during the fault on the incoming line bus 2 and 
returns to approximately normal after the fault is cleared. 


Fault on the high side of the system. 


Figure 9 shows that a high-side fault has to be removed 
in less than 0.2 seconds in order to prevent the loss of the 
8- and 15-mva motors. The 19-mva motor will not fall 
out of synchronism for at least 0.2 seconds. The incoming 
line bus 1 voltage during the fault is approximately 30 
percent and the incoming line bus 2 voltage during fault 
is approximately 24 percent. 


The results on the study on the synchronous motor 
stability and 13.8-kv bus voltages are as follows: 


1. A fault on either of the 13.8-kv buses does not 
exceed the synchronous motor stability on the other 
13.8-kv bus during the first 3 seconds of fault time. 


The synchronous motor or motors on the 13.8-kv bus 
that is faulted will fall out of synchronism if the fault 
is not removed within approximately 0.2 seconds. 


A high side 69-kv fault should be removed within 
0.15 seconds if loss of synchronism of the 8- and 
15-mva motors is to be avoided. 


A fault on the 13.8-kv incoming line bus 1 results 
in a 41 percent bus voltage on the bus 2. 


A fault in the 13.8-kv incoming line bus 2 results 
in a 45 percent bus voltage on bus 1. 


TABLE I! 


7.5 mva 
C.B. No. 12 | TRANS. 


INST. | Tap 


TIME | Time 
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6. A fault on the high side 69-kv system results in 
a 29 and 23 percent bus voltage on the 1 and 2, 
13.8-kv bus respectively. 


Induction machine stability studied 

The digital program used in the induction machine sta- 
bility was based on the principle of accelerating torque 
and machine inertia to relate slip and time. The changing 
motor power factor was considered in determining the 
voltage drop through the 750-kva transformer. Slip in- 
crements of 3 percent were used in the calculations. The 
results of the study are shown in Figure 10. 
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From the results of the study on the induction motor 
stability we can conclude: 


PER UNIT BUS VOLTAGE OF MACHINE 





1. On the basis that the 440-volt induction motors drive 
centrifugal compressors, fans or equivalent, the in- 
duction motors will not stall nor go below 90 per- 
cent speed within 0.1 seconds after fault initiation. 


The induction motors should have their contactors 
drop out on time delay if it is desired to keep the 
motors from being disconnected from the bus during 
a momentary fault on the 13.8-kv or the 69-kv bus. 


In this industrial plant the problem of increasing short , 

circuit capacity of the system was met by splitting the 
circuit and inserting a reactor between the two halves. 
Then when loads were changed and system short circuit 
mva was again increased, added breaker short circuit 
capacity was obtained by providing a few cycles time delay 
in the trip circuit to allow a short circuit to decay to a 
safe value for the breaker to interrupt. 


When the short circuit mva of a system has increased 
to a value that approaches or might even exceed breaker 
ratings, a careful study of the system and relay coordina- 
tion may save needless expense, and provide a simple 
solution to the problem until further growth forces a 
major system change. 


TORQUE ANGLE OF MACHINE - DEGREES 


9 2 4 6 8 1012 141618 20 22 24 26 28 30 32 34 
1 - SEC 


FAULT on incoming line bus 2 will not cause 8- and 15-mva machines 
to fall out of step if removed in less than 3 seconds. (FIGURE 8) 
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GENERATORG 


by A. LEHRKIND 


Generator Design Section 
Thermal Power Department 
Allis-Chalmers Mfg. Co. 


Today's simplified hydrogen cooling 
systems are the culmination of 
twenty years of progress. 


HYDROGEN COOLING has now been successfully used 
in central station power plants for more than twenty-three 
years. The first hydrogen-cooled generator was installed 
in a plant of Dayton Power and Light Company at Dayton, 
Ohio, in October, 1937.) Hydrogen cooling had been 
applied to synchronous condensers for a number of years 
prior to that time, but the application to generators was 
not possible until the development of shaft seals, capable 
of operating at the necessarily high surface speeds. 


Two types of shaft seals were under development at 
about the same time in the latter half of the 1930's. The 
seals installed on the Dayton machine, were of the radial 
type composed of segmented rings surrounding an exten- 
sion of the bearing journal. The other type seal developed 
at that time is an axial type. This seal is in the form of 
a babbitted ring riding against an integral shaft flange 
adjacent to the bearing journal as shown in Figure 1. The 
axial thrust-type seal operates on the hydrodynamic prin- 
ciple, balancing spring load, oil pressure and gas pressure 
against oil film pressure developed by means of flow 
created in tapered wedges on the babbitt face by shaft 
rotation. The earliest seal of this latter type was placed 
in commercial operation in January 1939, on a 13,700-kw 
non-condensing steam turbine-generator at the East Wells 
Street Station of Wisconsin Electric Power Company, then 
known as The Milwaukee Electric Railway and Light 
Company. 


(1) See references at end of article. 
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HYDROGEN CONTROL PANEL at side of modern 75-mw steam 
turbine-generator unit is designed for operator’s convenience. 


Next application was on a 25,000-kw condensing unit 
in Ottawa Street Station, Lansing, Michigan. A distinct 
advantage was noted in operation of the thrust-type seal 
because only a minor portion of the oil entering the seal 
escaped to the hydrogen side, thereby minimizing con- 
tamination of the hydrogen atmosphere. These stations 
are shown in Figures 2 and 3. 


Pioneering the thrust-type seal 

Operating experience with thrust-type seals over a period 
of several years, reported in 1947,'*) proved that no special 
treatment of the oil was required before admission to the 
seals. Prior to this time, most seal oil systems had been 
provided with sprays in a continuously evacuated tank to 
remove moisture and air from the oil before pumping 
into the seals. At the close of World War II, equipment 
designs were reviewed. Among other things, it was found 
that the vacuum treating equipment then supplied with 
the thrust-type seals, was not being used. Thrust seal oil 
systems were then greatly simplified by omitting the vac- 
uum tank, vacuum pump, and associated oil pump with its 
separate oil cooler. 

Minor modifications were made in the thrust seal design 
as the specified machine gas pressures increased, requiring 
improved seal performance. Seals of this construction 
have shown excellent behavior with gas pressures to 
seventy-five pounds per square inch, but observation in- 
dicated that babbitt loading was becoming excessive with 
further increase in pressure. The requirement for a new 
approach to the shaft seal problem became evident and, 
as a result, the hydrostatic thrust-type seal, Figure 4, was 
conceived. '*) 

The hydrostatic thrust-type seal differs from the earlier 
hydrodynamic axial thrust-type seal primarily in the means 
of producing oil film pressure. With the hydrostatic seal, 
an oil pump, rather than the shaft rotation, provides the 
full pressure to balance spring load and gas pressure. A 
major advantage is the provision of a definite oil film 
thickness at all speeds. Oil flow to the gas side is held to 
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a low value by centrifugal force imparted to the oil by 
shaft rotation. The hydrostatic seal provides for operation 
over a wide range of hydrogen pressure with greatly re- 
duced losses and correspondingly reduced oil requirements 
as compared with those of previous types. 


Operation of either type, hydrostatic or hydrodynamic, 
has been proved reliable, and by use of both types, turbine- 
generators of all ratings benefit from the many advantages 
of thrust-type seals. 


Developing simplified Hydrogen system 
Simplification of the oil system for the axial seals by 
omission of superfluous equipment was followed by a cor- 
responding ‘*) simplification in the hydrogen system itself. 
The evolution of the modern hydrogen system had begun 
with a room full of apparatus and instruments located in 
the foundation space below the generator. The vacuum 
tank, vacuum pump, oil pump, oil coolers, their regulators 
and controls were located in this area, together with the 
hydrogen supplies, control piping and instruments. In 
plants so arranged, an auxiliary operator was usually as- 
signed to supervise this basement operation as well as 
operation of miscellaneous basement-located station water 
pumps and similar apparatus. 

With the elimination of vacuum treating equipment, 
it was no longer necessary to provide separate seal oil 
pumps for continuous operation. Auxiliary and emergency 
seal oil pumps, as a result, were then located at the main 
turbine oil tank. 

With the coming of larger machines and a correspond- 
ing increase in gas requirements, the handling of gas 
cylinders within a power plant became a major problem. 
Separate storage locations were first provided for the cylin- 
ders. Cylinders and manifolds were later located at remote 
points with piping through the station to the various 
generators. With axial thrust seals, the only equipment 
then remaining in the basement below the generator was 
the control manifold for admission of gas to the machine 
and the instruments to show conditions of the gas system. 
Piping from this equipment was led directly upward to 
the bottom of the generator where additional valves were 
located to permit shutting off the system in case of external 
trouble while keeping the machine in operation. Emer- 
gency operation of these valves was hindered greatly by 
the difficulty of having to climb a ladder to reach them. 


Valves relocated 

By redesign of the internal piping of the generator stator 
and a relocation of the flanges on the outer shell, it be- 
came possible to locate these valves above the operating 
floor alongside the generator where they were readily 
accessible for emergency use, yet concealed by the gen- 
erator lagging. 

The next logical step of the simplified system was also 
to relocate the control valves on the operating floor, 
eliminating the need for a control manifold in the base- 
ment, and incidentally, eliminating one set of valves. Prior 
to the relocation of the control valves, the hydrogen sys- 
tem instrumentation, in a number of cases, had been re- 
moved from the basement and placed on the turbine 
operating floor. 
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As an additional simplification in plant construction 
and as an improvement in safety features, it was strongly 
advocated to locate hydrogen instrument panels directly 
at the side of the generator and close to the piping con- 
nections into the machine. Operating experience over 
many years showed clearly that only a few simple instru- 
ments were necessary for the completely safe handling 
and supervision of this hydrogen system. These instru- 
ments provided an indication of gas pressure, temperature, 
and density, and provided alarm indications to call atten- 
tion to extreme variation from normal conditions. 

In larger plants where an operator may be required to 
supervise more than one machine, recording and automatic 
control of operation is often required. The boundary space 
within the apron or side lagging of a generator with thrust 
seals is usually adequate for the location of instrument 
transmitters and control devices to suit such station re- 
quirements. The installation of a typical instrument panel 
is shown in Figure 5. 

These panels include a gas density instrument, dew 
point apparatus, pressure transmitter, temperature trans- 
mitter, as well as the control switches for a number of 
indication and alarm lights. Indications in the control 
room permit a single operator to supervise complete oper- 


Allis-Chalmers Electrical Review * First Quarter,,1961 






ation of the turbine-generator unit. By means of these 
various features, it is possible for the operator not only 
to supervise normal operation but to act quickly in 
emergencies, and to note any indications of defective 
operations make adjustments as required and restore nor- 
mal operating conditions. 


Reliability and convenience designed into system 
The provision of a complete, satisfactory hydrogen system 
for large generators begins with careful design of the 
internal construction of the generator stator to provide 
adequate vents, drains, traps, and by-passes in the various 
ribs, pipes, and baffles. Internal piping from the conven- 
iently located flanges on the generator shell is carefully 
routed to the desired terminal location and arranged to 
drain adequately avoiding accumulation of stray foreign 
material. Piping connections for instrumentation are kept 
separate from those used for filling and scavenging. 


External to the machine a valve is provided close to 
each flange connection so that machine operation can con- 
tinue even though a pipe failure may occur. These valves 
are shown in Figure 5. Convenient access to the valves on 
the side of the machine is provided by means of an alumi- 
num panel in the apron. The panel can be readily remov- 
able by means of quick-acting fasteners and is light enough 
for easy handling by one man. The hydrogen instruments 
are located on a separate frame supported on vibration 
mountings above or in line with the generator apron. 
The instrument panel is designed so that it may be as- 
sembled and separately tested at the factory. Field instal- 
lation involves only the addition of delicate instruments, 
requiring special shipping means and the connection of 
a few flexible pipes, together with plug-type electrical 
connections. This method of construction also permits 
removal of the complete instrument panel from the ma- 
chine for inspection or overhaul. 


The development of the modern simple hydrogen sys- 
tem for machines having axial type seals has followed a 
logical evolution from the original bulky basement equip- 
ment, requiring the services of an auxiliary operator, to 
the present-day reliable, compact apparatus located at the 
side of the generator. Remote indicators for added con- 
venience in the central control room are often provided 
for the largest central station units. 
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STEAM TURBINE Generator Unit Capabilities 
more than doubled in the past decade resulting in 


respondingly increased potential turbine steam thr 
and larger diameter turbine shafts. This trend to lar 


and larger unit steam flows places heavy demands 


thrust bearing design. To help maintain safe operat 
margins and efficiently size thrust bearings to meet tl 
demands, a development facility capable of testing 


largest turbine thrust bearings was recently install: 


Thrust loads of over one hundred tons and var 
speeds from 1600 to 4600 rpm can be sustained | 
facility. Oil temperature, pressure and flow are conti 
automatically and may be varied to suit test condit 


Bearing horsepower losses are measured by an opt 


torquemeter which is mounted between the test be 


and the load bearing. The torquemeter shaft also tr 


mits the axial thrust load to the test bearing. The 
gallon lubrication system of the facility was design 
accept all currently proven turbine lubricants as we 
the new synthetic fire-resistant fluids. 


The immediate benefit to utilities has been th 
firmation of conservative design margins for prod 
thrust bearings and establishment of reliable metho 
evaluating thrust bearing loading capacity based 
tual load tests on full size bearings. 


Previous shop and field prototype tests have pri 
adequate evaluation data, but have not permitted th: 
all flexibility in test conditions necessary to thor: 
describe the complete characteristics and performat 


full-scale thrust bearings. With this facility developr 


engineers are able to load both production and 


thrust bearings to their ultimate load carrying capacity 
and, in the process, to measure accurately the significant 
parameters which affect performance. 


Initial tests of standard design bearings have shown 
that increasing the oil flow and pressure above that nor- 
mally supplied has had a negligible effect on bearing 
performance. A cooler oil supply did improve design 
load performance, but this margin diminished as the 
thrust loading approached the ultimate failure point. 


Further analysis of test data has confirmed the current 
belief that the most valid indication of impending bear- 
ing failure lies not in the measurement of oil drain 
temperature or sub-surface shoe metal temperature, but 
rather in the monitoring of the oil film temperature 
generated at the surface of the thrust shoe. The detec- 
tion‘wf this film temperature, its distribution across the 
shoe surface, and the corresponding temperature gradient 
through the shoe thickness have given design engineers 
an exact and reliable method of evaluating the perfor- 
mance of pivoted-shoe thrust bearings. It has become 
evident that reducing the distortion of the shoe caused 
by the combined effects of the induced thermal stresses 
and the hydrodynamic thrust load is the most important 
avenue of improvement to be studied. Continued effort 
to minimize this distortion by the use of optimum pivot 
locations, bearing proportions and shoe materials will 
lead to the advanced bearing designs required on future 
steam turbine units. 


by B. A. BRANSTROM 
Thermal Power Department 
Allis-Chalmers Mfg. Company 





